PREDICTION OF THE WATER CONTENT AT FIELD CAPACITY FROM DISTURBED SOIL SAMPLES by Budiman Minasny
Jurnal IlmuTanahdanLingkunganVol.9 No. 1 (2009)p: 1-6
PREDICTION OF THE WATER CONTENT AT FIELD CAPACITY
FROM DISTURBED SOIL SAMPLES
Budiman Minasny 1
1Faculty of Agriculture, Food and Natural Resources, The University of Sydney,
JRA McMillan Building AOS, NSW 2006(Australia). E-mail: b.minasny@usyd.edu.au
Abstract
In manysoildatabases,watercontentat -10kPawasmeasuredondisturbedsoilsamples.
Meanwhilewatercontentat -10kPaisheavilyinfluencedbysoilstructure,poresizedistributionand
bulkdensity.In thispapera modelis developedtopreflictwatercontentat fieldcapacitygivendata
obtainedfromdisturbedsoilsamples.Thelinearmode/'predictsthereductioninwatercontentatfield
capacitywith'increasingbulkdensityandsandcontentThemodelhasa goodfitandwasvalidated
againstanindependentdataset
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Introduction
CharacterisationOftvatercontentat
field capacity(Fe) and wiltingpoint is
importantforassessingsoil'savailablewater
capacity.Watercontentat fieldcapacityis
usuallymeasur,~p",Jr:IJit,Peratoriyat a potential
of -10 or -33 KPa. Watercontentat field
capacityis affectedby macroporosityand
structure(Sharmaand Uehara,1968),and
thereforemeasurementis recommendedusing
naturalsoilclods.Meanwhilewatercontentat
wiltingpointor-1500kPaisnotmuchaffected
by structure,as most water is held with
adsorptiveforces,thus it can be measured
using disturbedsoil samples(Aina and
Periaswamy,1985).
In the absenceof laboratoryor field
measurement,watercontentat fieldcapacity
is usually predictedusing pedotransfer
functionsfromsoil'sparticlesizedistribution
(Huang et at., 2006), and bulk density
(Minasnyand McBratney,2002) or soil
structuralinformation(Pachepskyetat.,2006).
Howeverin manysoildatabases,especiallyin
developingcountries(Bell and van Keulen,
1996),watercontentat -10or -33 kPawas
measuredon disturbedsamples.This is
becausethesamplescollectedfromsoilsurvey
were mainlyfor mappingand classification
purposes,and usuallybulkdensityand soil
clods were not collected.Furthermoreit
remainsdifficulto analysewaterretentionof
clodsamples.
\
Various authors have found the
discrepancyinwatercontentat -10or -33kPa
whenmeasuredusingsoilcoreor clpdsand
usingdisturbed(sieved)samples(Yo~ngand
Dixon, 1966; Unger, 19'75; Aina and
Periaswamy,1985).Unger(1975)foundfor
watercontentat -33kPa,thatcoresretained
morewaterthansievedsoilwhenthewater
contentwasbelow11%.Reeveet at.(1973)
foundthatinA horizons,watercontentatfield
capacitytendto increasewith bulkdensity
exceptin siltysoils.Meanwhilein Band C
horizonsthe watercontentdecreaseswith
increasingbulkdensity.
Belland van Keulen(1996)warned
againstheuseof fieldcapacitydataderived
fromdisturbedsamples.Fieldcapacityfrom
disturbedsoil samp1i:!S'ever-estimates'ili:.'sibJ
fieldcapacityforallsoilsexceptforthecoarser
texturedsoil. Pidgeon(1972) deriveda
formulatopredictinsituwatercontentatfield
capacityfromdisturbedferraliticsoilsamples
fromUganda.Twonlow(1994)alsoshoweda
formulato predictin situfieldcapacityfrom
disturbedsamplesfrom ferraliticsoil from
Zimbabwe.
Fieldcapacitymeasuredon disturbed
samplesrepresentswhat we usuallycalled
matrixwatercontent,thewatercontenthat
can be heldby the soil'smatrix.It usually
underestimateswatercontentfor top soils
becauseitdoesn'taccountforstructure.Andit
alsocanoverestimatewatercontentfor sub
2soils with high bulk density. To obtain
volumetricwatercontentat -10 kPa(810), the
gravimetricyvatf;!rocontent(WlO)is multipliedby
itsbulkctenSi1V'(13Dj:'
810 =WlOx BD (1)
An increasein soil bulk densitydue to
compactionor overburdenpressurewillaffect
the pore._!)~E;!,~5tribMona d consequently
waterr~t~nifon.An increasein bulkdensity
willdecreasewaterretention,howeverif we
useWlOof disturbedsamplesandEq(1),we
will get an increasein waterretentionwith
increasing'bulkdensity.Soweneedto modify
WlOofdisturbedsamplestorepresentthelikely
watercontentatagivenbulkdensity.
Weshouldbeabletousefieldcapacity
dataobtainedfromdisturbedsoilsamplesto
obtaintherepresentationfwatercontentata
givenbulk density.Assouline(2006)derived
modelsthatpredictheeffectofanincreasein
soilbulkdensityonthewaterretentioncurve.
Howeverthe modelsrequirewaterretention
curveforaninitialor referencebulkdensityas
inputs.Not manysoil databaseshavesuch
information,andwe do nothaveinformation
about the bulk densityof the disturbed
samples.
Thispaperwillderivesimpleempirical
modelsto predictwater contentat field
capacity(of soil clods)givenmeasurement
usingdisturbedsoilsamples.
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The soil''''characterizationand profile
datafromtheUSNationalSoilCharacterization
database(SoilSurvey.§~9fM.j.w97)wasused
for analysis.l\~!O" the dataof 301
samples,thatcontainwatercontentat-10kpa
measuredboth usingnaturalclodsand on
disturbedsamples,was selected.Fromthis
subset,274sampleswereselectedforbuilding
themodelandtherest(27samples)wasused
as validationdata.The dataare from 141
profiles,andthesamplescomefromA,BandC
horizonsfromvariousdepths(0-2m).
Table 1 showsthe statisticsof the
basic properties,where WlO clod is the
gravimetricpercentwaterretainedat suction
of 10 kPa,whichwas measuredon natural
fabric(clods},andreportedona <2mmbase.
, WlOdisturbedis thegravimetricwatercontent
of airdry<2mmsamples,afterequilibration
at 10 kPasuction.BD is the bulkdensity(g
cm-3)of the <2 mmfraction,with volume
beingmeasuredafterequilibrationat -33kPa.
We usedstepwiselinearregressionto obtain
WlOclodfromWlOdisturbedplusotherbasic
soilproperties. .
Table1.Statisticsofthe301soilsamplesusedinthisstudy.
Units Mean Std. Median Min Maxdev
W10clod
% 24.97 10.12 24.30 1.8 52.0
weight
WlO % 22.76 8.80 22.60 2.5"" ..51:-4disturbed weight
Bulk
gcm-3 1.44 0.22 1.48 ,0.88 1.97density
Sand % 38.50 30.71 29.10 0.0 98.30
weight
Clay
% 28.51 18.36 27.60 0.0 76.70
weight




